The synthesis and spectroscopic characterization of trans 1-heteroaryl-2-(1-methylpyridinium-2-yl) ethylene iodides is reported. The 5-(4-bromophenyl)furan derivative exhibited the highest in vitro antitumor activity against MCF7 (breast) and LNCap (prostate) carcinoma cells. Solvatochromic and NMR shifts provided evidence for modulation of electronic parameters which could be used to optimize frequency emission and conversion efficiency in such push-pull conjugated systems, which are potential components of non linear optics materials.
Introduction
We have recently reported the synthesis of 2,6-di-[2-(heteroaryl)vinyl]pyridines 1 and pyridiniums, 2 where three heteroaromatics rings are linked by two ethylenic double bonds exerting a "spacing" function. Antitumor in vitro tests against the 60 National Cancer Institute (NCI) tumor cell lines panel pointed out antiproliferative effects particularly evident for MCF7 mammary adenocarcinoma cells and multivariate analysis of DNA microarray data for responsive tumor cell lines suggests a mechanistic pathway involving polyamine biosynthesis and prolactin signal transduction. 3 We here report the synthesis and spectroscopic characterization of water soluble trans 1-heteroaryl-2-(1-methylpyridinium-2-yl) ethylenes 1-12 as well as in vitro antitumour tests against selected cell lines. Compounds 1 -12, possessing heteroaromatic moieties with different electron donating abilities linked by a vinyl to the strong electron withdrawing pyridinium ring, belong to the class of the so called push-pull (donor-acceptor, D-A) molecules. Such push-pull conjugated systems are possible candidate components of non linear optics, which are already well documented for push-pull ethenes for example 4-dimethylamino-4'-nitrostilbene (DANS) 4 and for heterocyclic
analogues with π-excessive and π-deficient heteroaromatics (D-A systems). 5 It was recently shown 6 that methyl substituted 1-methylpyrroles 11 are able to efficiently convert the emission of a cheap IR laser into that of a valuable visible laser. In this context we here also report solvatochromic and NMR shifts providing evidence for a wide modulation of electronic parameters which could be used to optimize frequency emission and conversion efficiency.
Results and Discussion
The synthesis of trans 1-heteroaryl-2-(1-methylpyridinium-2-yl) ethylenes 1-12 is straightforward and can be easily achieved by condensation of (1,2,-dimethyl)pyridinium iodide with heteroaromatic aldehydes (see Experimental section). As expected, the pyridinium α methyls are quite reactive towards base due to the strong electron withdrawing effect of the positively charged ring nitrogen. Under appropriate experimental conditions, outlined in the experimental section, pure trans isomers 1 -11 were obtained, as evidenced by the ethylenic protons J coupling constants in the NMR spectra (see Experimental). Reaction of 2-thiazolaldehyde with 1-methylpicolinium iodide in the presence of one drop 5% NaOH afforded a mixture of the expected ethylene 12 and of bis cation 13 (1:5 ratio) as determined by NMR signals. On increasing the NaOH concentration up to 10%, pure bis cation 13 was obtained in 49 % yield.
Compounds 1-11 possess electron donating (furan, thiophene and pyrrol) moieties linked by a vinyl linker to the pyridinium ring, while the thiazole derivative 12 exerts a weak electronwithdrawing effect. Accordingly, all H a ethylenic NMR shifts resonate at lower fields with respect to H b , and, among them, that of 12 (8.13 ppm) is the most downfield shifted (see Experimental). ) , between H b ethylenic proton shifts for unsubstituted derivatives 1, 6, 11 and 12. Derivatives with extended conjugation are expected to exhibit significant solvatochromic shifts. The absorption maxima of cations 1 -11 in protic and aprotic solvent of various polarity are reported in Table 1 .
Water-chloroform solvatochromic shifts above 20 nm are observed for cations 2, 5, 7, and 11, in agreement with the high donating ability of the five membered moieties in such push-pull systems. Solvatochromic shifts available for unsubstituted derivatives 1, 6 and 11 follow closely the order of σ + constants for furan, thiophene and pyrrole moieties derived from solvolysis reactions, 7, 8 although the low number of points and their distribution suggest great caution in using the term correlation (R 2 = 0.963).
Solvatochromic and NMR shifts reported in the present paper span a wide range of variation (up to 1.87 σ + units) in the electronic effects of such push-pull conjugated molecules, providing the possibility to widely modulate electronic parameters, known to be essential in optimizing and tuning frequency emission and conversion efficiency. 6 The above finding indicates pointing out cations 1-12 as new possible candidate components for non linear optics. Another purpose of the present work is to test the in vitro antitumor activity of the title trans 1-heteroaryl-2-(1-methylpyridinium-2-yl)ethylenes and to compare the results with those of previous studies on the activity of 2,6-di-[2-(heteroaryl)vinyl]pyridines 9 and pyridiniums 3 where three heteroaromatics rings are linked by two ethylenic double bonds. 
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The in vitro anitumor activity of water soluble compounds 1, 3, 4, 5, and 11 are recorded in Table 2 . The anti-proliferative activity of typical derivatives was tested against two tumor cell lines, breast carcinoma (MCF7) and prostate carcinoma (LNCap). The percent of growth and the inhibition exerted by different doses (0.01-100 µM) are shown in figure 2 and log GI 50 values, calculated as described in the experimental section are recorded in Table 2 . All compounds in Table 2 are more active towards MCF-7 than LNCap cell lines. Data relative to 2,6-di-[2-(furan-2-yl)vinyl]pyridinium iodide (PF 2 ), which was the most active in previous in vitro tests, 3 are also reported for comparisons. Towards MCF-7 and LNCap carcinoma cells (Table 2 ) the 1-[5-(4-Bromophenyl)-furan-2-yl]-2-(1-methyl-pyridinium-2-yl) ethylene (ligand 4) exhibits highest activity but slightly better than the PF 2 . Figure 2 shows that, in addition to the antiproliferative effects (log GI 50 ), the bromophenyl derivative 4 exhibits a significant cytotoxic activity. In fact only 25% MCF7 carcinoma cells survive at 10 -6 M concentration. This finding points to 4 as a possible lead compound for future antitumor studies. In conclusion, 1-heteroaryl-2-(1-methylpyridinium-2-yl)ethylenes 1-11 reported in the present work exhibit interesting potential applications both as candidates for more detailed in vivo antitumor studies and as components for non linear optics due to a wide modulation of the donor heteroaromatic moiety capabilities.
Experimental Section
General Procedures. Heteroaromatic carboxaldehydes, Aldrich commercial products, were used without further purification.UV-Vis spectra were recorded on a Perkin Elmer Lambda 2S spectrometer . 1 H NMR spectra were recorded on a Varian Unity Inova spectrometer operating at 500 MHz, at 25°C in (CD3)2SO using TMS as internal standards. The spectral width was set to 5,000 Hz, with an excitation pulse of 60 degrees, an acquisition time of 3.5 s and a digital resolution after zero-filling of 0.15 Hz/pt. Fast Atom Bombardment (FAB) mass spectra were recorded on a double focusing Kratos MS 50 mass spectrometer equipped with the standard FAB source and the Maspec2 data acquisition and processing system (Mass Spectrometry Services Ltd). Mass resolution was 3.000 and the matrix 3-nitro-benzyl alcohol. Mass spectra ESI were recorded on a LCQ Deca Finnigan system with a flow of 5 µl/min .Compounds 1-13, all iodide salts, were obtained by reacting in equimolar amounts 1,2 dimethylpyridinium iodide with the appropriate heteroaromatic aldehyde in the presence of a base. Details on the synthetic conditions (base, solvent, reaction time and temperature) and products characterization are reported below: 
1-[5-(4-Bromophenyl)-furan-2-yl]-2 -(1-methyl-pyridinium-2-yl) ethylene iodide (4)
.
Biological assays
Human cell lines (LNCap and MCF7). Human prostate adenocarcinoma cells (LNCap) were grown in RPMI 1640. Human mammary adenocarcinoma (MCF7) were grown in Dulbecco's MEM (DMEM), 1.0 g/l D-glucose. Each medium was supplemented with 10% (vol/vol) heatinactivated fetal bovine serum, 2mM L-Alanyl-L-Glutamine, penicillin-streptomycin (50 units-50 µg for ml) and incubated at 37 °C in humidified atmosphere of 5% CO 2 , 95% air. The culture medium was changed twice a week. Treatment with antitumor agents and MTT colorimetric assay. Each human cancer cell line (5x103 cells/0.33cm2) were plated in 96 well plates "Nunclon TM Microwell TM" (Nunc) and were incubated at 37 °C. After 24 h, cells were treated with the compounds 1, 3, 4, 5, 6 and 11 (final concentration 0.01-100 µM). Untreated cells were used as controls. Microplates were incubated at 37 °C in humidified atmosphere of 5% CO 2 , 95% air for 3 days and then cytotoxicity was measured with colorimetric assay based on the use of tetrazolium salt MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide). 12 The results were read on a multiwell scanning spectrophotometer (Multiscan reader), using a wavelength of 570 nm. Each value was the average of 8 wells (standard deviations were less than 20%). The GI 50 value was calculated according to NCI: thus, GI 50 is the concentration of test compound where 100 x (T -T0)/(C-T0) = 50 (T is the optical density of the test well after a 48-h period of exposure to test drug; T0 is the optical density at time zero; C is the control optical density).
